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In the incoherent approximation, the elastic neutron scattering intensity I(Q, 0) can be described by the double-well model [3] . Within this approximation, hydrogen atoms are supposed to be dynamically equivalent and may jump between two distinct sites of different free energy.
The elastic intensity can be thus written as:
where p 1 and p 2 are the probabilities of finding the hydrogen atom, respectively, in the ground and excited state, ∆u 2 vib corresponds to the vibrational mean square displacement of protons Section 1 EINS measurement and data analysis S1. S measurements Cooling (top part) and heating (bottom part) ratios used rattling in the bottom of the wells, and d is the distance between the two wells. In this model, where a transition between the two states represents a jump between conformational substates in the free energy surface, the amplitude of the 3-dimensional mean squared displacement (MSD) is given by the relationship [3 ]:
Typical examples of the fits to the data with Eq. 1 are shown in Figs. S1 and S2 respectively for 43 wt % and 60 w t % samples. A pure D 2 O sample was also measured to completely rule out the possibility of its crystallization in PNIPAM samples. I (Q, 0) measured on the PNIPAM 43 wt % sample at 283 K (red dots) and 153 K (blue dots); the black dashed line is the fit using Eq. 1.
EINS data for PNIPAM 43 wt % sample. . I (Q, 0) measured on the PNIPAM 60 wt % sample at 283 K (red dots) and 153 K (blue dots); the black dashed line is the fit using Eq. 1. The numerical data are not affected by aging dynamics on the timescales investigated in the manuscript. To show that this is the case we report the evolution of the MSD upon changing the time interval for the calculation as well as waiting time t w . Figure   S5 shows the MSD of water oxygen atoms at the highest (T = 293 K) and lowest (T = 223 K) investigated temperatures. We calculate the MSD for a total time of 100 ns and compare it to the corresponding one calculated for only 10 ns (as used in the manuscript, Fig.2 ). In addition, we also calculate it for t w = 0, 50, 90 ns. All curves superimpose on the entire investigated timescale, in particular for the intermediate window where the self-diffusion coefficient was extracted, indicated by vertical dashed lines. This behaviour holds for both high and low temperatures. Similarly, Fig. S6 shows the MSD of PNIPAM hydrogen atoms at the same two temperatures over a total interval of 100 and 200 ns, the former being the ones from which we extract the value at 150 ps, reported in the manuscript in Fig. 4 . We also calculate it for waiting times t w = 0, 50, 100ns. At long times, some differences, that are mostly attributable 
